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(54) SEMICONDUCTOR DEVICE

(57) A semiconductor device (1) includes a first and a second vertical Hall elements (100a, 100b) formed parallel to
each other. Each of the firstand the second vertical Hall elements includes: a semiconductor layer (20) on a semiconductor
substrate (10); a Hall voltage output electrode (41a, 41b) and a first and a second drive current supply electrodes (31a,
31b, 32a, 32b) each formed of an impurity region, and sequentially arranged along a straight line (L1-L1,L2-L2) on the
semiconductor layer; and afirst electrode isolation diffusion layer (51a,51b) between the firstdrive current supply electrode
and the Hall voltage output electrode, and a second electrode isolation diffusion layer (52a, 52b) between the Hall voltage
output electrode and the second drive current supply electrode. The first and the second drive current supply electrodes
each has the second depth deeper than the first depth of the Hall voltage output electrode and the depth of each of the
electrode isolation diffusion layers.

1

3la 41a  32a 31b  41b 32b

o o o 0 o o o o 0 o o B o o o o 0 0 o o O o o o o i i o o i e o o o i i e o
B B B R PR PR P PR PRy PP EE EE P r e

B WSS

N —

SRS
AL / A / A
AL " A A
AL .f.f.f.f.f.f.-".f.-".f.-".f.-".f.-" A
S # R
,,_,,_L‘] - L1 r.f L2 . L2 R
st meeeid . B N Nl B B _ e gy
LTSS, .f.f.f.f.f.f.-".f.-".f.-".f.-".f.-" . /.z/.f/.z/.f/.f/
L—.-"r.ﬁ!'r'.-‘!".ir'!' » | Sl e e | - ] L
AL A A
.-f/.-f.f.-f/.-f/.-f/.-f P A /.z/.f/.z/.f/.f/
A /.
1 0 0 a .-'.f.-'.f.-'.f.-'.f.-' Y RS EE SO SEE - = .f.f.f.f.f.f.f.f 1 00 b

B R R R R PR PR EE P rr rr
B e R PR PR Er PP rr

o1b  32b

FIG. 1A

Printed by Jouve, 75001 PARIS (FR) (Cont. next page)



EP 3 570 337 A1

100a 100b

51a 52a 51b  52b
60 31a | 41a | 32a 31b | 41b | 32b

AR ey WA

EEREEr R ar - X LR PR [
P 3 8 LR PR \ [
TSRS LR PR \ [T
TSRS LR PR [T
TSRS \\‘ LR PR \\ \ [T
TSRS b, LR PR [T
TSRS 1 LR PR | AR TR ErS
C Lt L S CEEL ey s

FIG. 1B



1 EP 3 570 337 A1 2

Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The presentinvention relates to a semiconduc-
tor device, and more particularly, to a semiconductor de-
vice that includes a vertical Hall element configured to
detect a magnetic field in a horizontal direction.

2. Description of the Related Art

[0002] A Hall element is capable of detecting position
or angle without contact as a magnetic sensor, and ac-
cordingly has various uses. While magnetic sensors that
use a horizontal Hall element for detection of magnetic
field components perpendicular to a semiconductor sub-
strate surface (vertical magnetic field) are particularly
well known, there have been proposed various magnetic
sensors that use a vertical Hall element for detection of
magnetic field components parallel to a substrate surface
(horizontal magnetic field).

[0003] A vertical Hall element generally detects a hor-
izontal magnetic field by utilizing both of a current that
flows in a direction perpendicular to a substrate and a
current that flows in a direction parallel to the substrate.
[0004] Meanwhile, inrecentyears, there has been pro-
posed the following vertical Hall element which is dis-
closed in Japanese Patent No. 5966060, for example. In
the vertical Hall element, a current that flows in a direction
perpendicular to a surface of the substrate is reduced
while a current that flows in a direction parallel to the
surface of the substrate is increased, and the vertical Hall
elementis configured to detect a horizontal magneticfield
by positively utilizing the increased currentin the direction
parallel to the surface of the substrate.

[0005] The vertical Hall elementdisclosed in Japanese
Patent No. 5966060 includes trenches formed in the
semiconductor substrate, an insulating film formed on
the inner side surface of each of the trenches, a conductor
embedded in each of the trenches via the insulating film,
and a high-impurity-concentration contact region con-
nected to the conductor and formed in the bottom portion
of each of the trenches. The conductorembedded ineach
of the trenches and the contact region connected thereto
function as a drive current supply electrode.

[0006] In such a configuration, when a current is sup-
plied between two drive current supply electrodes, the
current flows between the contact regions formed in the
bottom portions of the trenches. Hence, this configuration
can almost completely eliminate current components in
the direction perpendicular to the surface of the substrate
and allow most of the current to flow in the direction par-
allel to the surface of the substrate.

[0007] Asdescribed above, when a currentis supplied
between the two drive current supply electrodes, most
of the current flows in the direction parallel to the surface
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of the substrate. The current concentrates, in particular,
along the shortest path between the contact regions in
the semiconductor substrate which constitutes a mag-
netism sensing portion. This means that almost no cur-
rent flows to regions of the magnetism sensing portion
that are located below the contact regions and are near
the rear surface of the substrate. Further, the insulating
film is formed on the inner side surface of the trench in
which the conductor of the drive current supply electrode
is embedded, and hence the current hardly flows to a
region of the magnetism sensing portion that is located
between the side walls of the two trenches. As a result,
the current that flows in the direction parallel to the sub-
strate has a small width in a depth direction of the sub-
strate.

[0008] Itis known thatthe magnetic sensitivity of a Hall
element rises in proportion to the width of a current that
flows through the Hall element. In the structure disclosed
in Japanese Patent No. 5966060, however, the width of
the current that flows in the direction parallel to the sub-
strate is small as described above, and as a result, the
sensitivity is only slightly improved.

[0009] Further, a Hall elementis known to output a so-
called offset voltage even when no magnetic field is ap-
plied to. Removal of the offset voltage is required in the
use of the Hall element as a magnetic sensor.

[0010] Inordertoremove the offset voltage (to perform
offsetcancellation)in a vertical Hall element by a spinning
current method which is known as an offset voltage re-
moval method, the role of a plurality of electrodes ar-
ranged on a straight line needs to be alternately switched
for use between a drive current supply electrode and a
Hall voltage output electrode, and the direction of the
current should also be switched.

[0011] However, in the structure of Japanese Patent
No. 5966060, as described above, while the drive current
supply electrode includes the conductor embedded in
the trench via the insulating film and the contact region
connected to the bottom portion of the trench, the Hall
voltage output electrode includes the contact region
formed in the surface of the semiconductor substrate.
[0012] Incasethe alternate switching between the role
of the drive current supply electrode and the role of the
Hall voltage output electrode is applied in this configura-
tion, between the two alternated drive current supply
electrodes which are the contact regions formed in the
surface of the semiconductor substrate, there exists the
trench portion of the alternated Hall voltage output elec-
trode which includes the conductor embedded in the
trench via the insulating film and the contact region con-
nected to the bottom portion of the trench.

[0013] Evenifitis attempted to flow a current between
the control electrodes, which are drive current supply
electrodes after alternation in this case, in the surface of
the semiconductor substrate, the flow of the current is
blocked by the insulating film in the trench since the in-
sulating film is formed on the inner side surface of the
trench. Hence it is quite difficult to perform offset cancel-
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lation in the structure of Japanese Patent No. 5966060
by the spinning current method.

SUMMARY OF THE INVENTION

[0014] Itis therefore an object of the present invention
to provide a semiconductor device including a vertical
Hall element which is improved in sensitivity obtained by
a current that flows in a direction parallel to a surface of
a substrate, and which is capable of performing offset
cancellation by a spinning current method.

[0015] In one embodiment of the present invention
there is provided a semiconductor device including: a
semiconductor substrate having a first conductivity; and
a first vertical Hall element and a second vertical Hall
element which are formed on the semiconductor sub-
strate, each of the first vertical Hall element and the sec-
ond vertical Hall element including: a semiconductor lay-
er having a second conductivity formed on the semicon-
ductor substrate; a first drive current supply electrode, a
Hall voltage output electrode, and a second drive current
supply electrode each of which is formed of an impurity
region having the second conductivity and having an im-
purity concentration higher than an impurity concentra-
tion of the semiconductor layer, and is sequentially ar-
ranged along a straight line on a surface of the semicon-
ductor layer; and a first electrode isolation diffusion layer
having the first conductivity formed between the first drive
current supply electrode and the Hall voltage output elec-
trode, and a second electrode isolation diffusion layer
having the first conductivity formed between the Hall volt-
age output electrode and the second drive current supply
electrode, the straightline on the first vertical Hall element
and the straight line on the second vertical Hall element
being parallel, the Hall voltage output electrode having
a first depth, each of the first drive current supply elec-
trode and the second drive current supply electrode hav-
ing a second depth which is deeper than the first depth
and a depth of each of the first electrode isolation diffu-
sion layer and the second electrode isolation diffusion
layer.

[0016] According to the present invention, in each of
the first vertical Hall element and the second vertical Hall
element, the first drive current supply electrode and the
second drive current supply electrode are formed deeper
than the Hall voltage output electrode and the electrode
isolation diffusion layers in the semiconductor layer. Ac-
cordingly, the current between the first drive current sup-
ply electrode and the second drive current supply elec-
trode flows in a direction parallel to the surface of the
substrate, and flows widely in a depth direction in the
semiconductor layer, that is, in an entire region between
bottom portions of the electrode isolation diffusion layers
and bottom portions of the first drive current supply elec-
trode and the second drive current supply electrode.
[0017] The magnetic sensitivity of both of the first ver-
tical Hall element and the second vertical Hall element
can thus be enhanced. The first vertical Hall element and
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the second vertical Hall element as above are formed
parallel to each other on the same semiconductor sub-
strate, and hence the spinning current method can be
performed equivalently by appropriately switching a di-
rection of the current flowing in the first vertical Hall ele-
ment and a direction of the current flowing in the second
vertical Hall element, and an offset voltage can be elim-
inated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Embodiments of the present invention will now
be described by way of further example only and with
reference to the accompanying drawings, in which:

FIG.1Ais aplan view forillustrating a semiconductor
device according to a firstembodiment of the present
invention.

FIG. 1B is a sectional view taken along the line L-L
of FIG. 1A.

FIG.2is aschematic view forillustrating an operation
of the semiconductor device illustrated in FIG. 1A
and FIG. 1B.

FIG. 3 is a sectional view taken along the line L-L of
FIG. 1A for illustrating a first modification example
of vertical Hall elements in the semiconductor device
illustrated in FIG. 1A and FIG. 1B.

FIG. 4 is a plan view for illustrating a second modi-
fication example of the semiconductor device ac-
cording to the first embodiment of the present inven-
tion.

FIG.5Ais aplan view forillustrating a semiconductor
device according to a second embodiment of the
present invention.

FIG. 5B is a sectional view taken along the line L-L
of FIG. 5A.

FIG. 6 is another sectional view taken along the line
L-L of FIG. 5A.

DESCRIPTION OF THE EMBODIMENTS

[0019] The invention will now be described herein with
reference to illustrative embodiments.

First Embodiment

[0020] FIG. 1A and FIG. 1B are views for illustrating a
semiconductor device 1 according to the first embodi-
ment of the present invention. FIG. 1A is a plan view of
the semiconductor device 1, and FIG. 1B is a sectional
view taken along the line L-L of FIG. 1A.

[0021] As illustrated in FIG. 1, the semiconductor de-
vice 1 of the first embodiment includes a P-type (first
conductivity) semiconductor substrate 10, vertical Hall
elements 100a and 100b formed on the semiconductor
substrate 10, and a P-type element isolation diffusion
layer 70 formed to surround the vertical Hall elements
100a and 100b and to separate the vertical Hall element
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100a and the vertical Hall element 100b from each other.
[0022] The vertical Hall element 100a includes, on a
surface of an N-type (second conductivity) semiconduc-
tor layer 20 formed on the semiconductor substrate 10,
adrive current supply electrode 31a, a Hall voltage output
electrode 41a, and a drive current supply electrode 32a
which are formed of an N-type impurity region having an
impurity concentration higher than an impurity concen-
tration of the semiconductor layer 20 and are formed se-
quentially along the straight line L1-L1, and includes, on
the surface of the semiconductor layer 20, a P-type elec-
trode isolation diffusion layer 51a formed between the
drive current supply electrode 31a and the Hall voltage
output electrode 41a and a P-type electrode isolation dif-
fusion layer 52a formed between the Hall voltage output
electrode 41a and the drive current supply electrode 32a
to separate the adjacent electrodes.

[0023] The vertical Hallelement100bisformedtohave
the same shape as that of the vertical Hall element 100a
on the semiconductor substrate 10. That is, the vertical
Hall element 100b includes, on a surface of a semicon-
ductor layer 20, a drive current supply electrode 31b, a
Hall voltage output electrode 41b, and a drive current
supply electrode 32b which are made of an N-type im-
purity region and are formed sequentially along the
straight line L2-L2, and includes, on the surface of the
semiconductor layer 20, a P-type electrode isolation dif-
fusion layer 51b formed between the drive current supply
electrode 31b and the Hall voltage output electrode 41b
and a P-type electrode isolation diffusion layer 52b
formed between the Hall voltage output electrode 41b
and the drive current supply electrode 32b to separate
the adjacent electrodes.

[0024] The vertical Hall element 100a and the vertical
Hall element 100b are arranged such that the straight
line L1-L1 is parallel to the straight line L2-L2.

[0025] The drive current supply electrodes 31a, 32a,
31b, and 32b are formed to have a depth that is larger
than those of the Hall voltage output electrodes 41a and
41b and the electrode isolation diffusion layers 51a, 52a,
51b, and 52b.

[0026] Further, the drive current supply electrodes
31a, 32a, 31b, and 32b have an impurity concentration
that is substantially equal to an impurity concentration of
the Hall voltage output electrodes 41a and 41b.

[0027] The vertical Hall elements 100a and 100b fur-
ther include an insulating film 60 such as an SiO, film so
as to cover a surface of the N-type semiconductor layer
20, except for regions in which the drive current supply
electrodes 31a, 32a, 31b, and 32b, and the Hall voltage
output electrodes 41a and 41b are formed, permitting
suppression of a current that flows in parallel to the sur-
face of the semiconductor substrate 10 on the surface of
the semiconductor layer 20.

[0028] The element isolation diffusion layer 70 is
formed deeper than the bottom of the semiconductor lay-
er 20 and to reach the semiconductor substrate 10. As
a result, the vertical Hall element 100a and the vertical
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Hall element 100b are electrically separated from each
other and are separated from another region (not shown)
on the semiconductor substrate 10.

[0029] Elements such as a transistor forming a circuit
configured to process output signals from the vertical Hall
elements 100a and 100b or configured to supply signals
to the vertical Hall elements 100a and 100b are also
formed in the region (not shown) separated by the ele-
ment isolation diffusion layer 70. In FIG. 1A, for example,
the region may be formed between the vertical Hall ele-
ment 100a and the vertical Hall element 100b.

[0030] Further, in the first embodiment, there is illus-
trated an example in which the vertical Hall element 100a
and the vertical Hall element 100b are arranged side by
side in the drawing sheets, but the arrangement is not
limited thereto. Thus, straight lines L1-L1 and L2-L2 lie
on the same line in this non-limiting embodiment. The
vertical Hall element 100a and the vertical Hall element
100b may be arranged arbitrarily as long as the straight
Line L1-L1 is parallel to the straight Line L2-L2, for ex-
ample, being arranged vertically.

[0031] Inthe vertical Hall elements 100a and 100b, the
P-type electrode isolation diffusion layers 51a, 52a, 51b,
and 52b are formed by, for example, selective diffusion
of P-type impurities into the N-type semiconductor layer
20.

[0032] Further, the drive current supply electrodes
31a, 32a, 31b, and 32b and the Hall voltage output elec-
trodes 41a and 41b are formed as follows, for example.
[0033] First, after the electrode isolation diffusion lay-
ers 51a, 52a, 51b, and 52b are formed, the insulating film
60 is formed through LOCOS, for example, so that the
insulating film 60 covers the electrode isolation diffusion
layers 51a, 52a, 51b, and 52b while leaving regions in
which the drive current supply electrodes 31a, 32a, 31b,
and 32b, and the Hall voltage output electrodes 41a and
41b are formed later. Introducing N-type impurities with
the insulating film 60 used as a mask, the Hall voltage
output electrodes 41a and 41b are formed. At this time,
N-type impurity regions that have the same depth as
those of the Hall voltage output electrodes 41a and 41b
are also formed in the regions in which the drive current
supply electrodes 31a, 32a, 31b, and 32b are formed
later. In this case, the Hall voltage output electrodes 41a
and 41b are formed to have a depth that is shallower
than the depth of the electrode isolation diffusion layers
51a, 52a, 51b, and 52b.

[0034] Subsequently, a resist having openings in the
regions in which the drive current supply electrodes 31a,
32a, 31b, and 32b are formed and covering the Hall volt-
age output electrodes 41a and 41b is formed. The drive
current supply electrodes 31a, 32a, 31b, and 32b are
then formed after introducing N-type impurities deeply
with the resist used as a mask.

[0035] Next, a method of offset cancellation by the
spinning current method is described with reference to
FIG. 1A, FIG. 1B, and FIG. 2 under a condition that the
vertical Hall elements 100a and 100b of the semiconduc-
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tor device 1 of the first embodiment detects magnetic
field components in a direction parallel to the surface of
the semiconductor substrate 10.

[0036] In FIG. 1B, a magnetic field is applied from the
far side to the near side on the drawing sheet in the di-
rection parallel to the semiconductor substrate 10.
[0037] Asillustrated in FIG. 2, the drive current supply
electrode 31a of the vertical Hall element 100a and the
drive current supply electrode 32b of the vertical Hall el-
ement 100b are electrically connected by a conductive
interconnect W1 to connect to an input and output termi-
nal 101. The drive current supply electrode 32a of the
vertical Hall element 100a and the drive current supply
electrode 31b of the vertical Hall element 100b are elec-
trically connected by a conductive interconnect W2 to
connect to an input and output terminal 102.

[0038] The spinning current method in the semicon-
ductor device 1 including the vertical Hall elements 100a
and 100b configured in this manner is performed as de-
scribed below.

[0039] First, a drive current is supplied from the input
and output terminal 101 to the input and output terminal
102. That is, the drive current is supplied to the drive
current supply electrodes 31a and 32b such that the cur-
rent flows from the drive current supply electrode 31a to
the drive current supply electrode 32a in the vertical Hall
element 100a, and such that the current flows from the
drive current supply electrode 32b to the drive current
supply electrode 31b in the vertical Hall element 100b
(phase 1).

[0040] At this time, in the vertical Hall element 100a
the current flows, as illustrated by the dotted lines of FIG.
1B, in a region between bottom portions of the electrode
isolation diffusion layers 51a and 52a and bottom por-
tions of the drive current supply electrodes 31a and 32a.
In the vertical Hall element 100b the current flows in a
region between bottom portions of the electrode isolation
diffusion layers 51b and 52b and bottom portions of the
drive current supply electrodes 31b and 32b. That s, the
currents flow widely in a depth direction.

[0041] For each current flowing in this way an electro-
motive force generates in a direction perpendicular to
both the current and the magnetic field due to the action
of the magnetic field. That is, in the vertical Hall element
1004, a Lorentz force is generated in a direction from the
Hall voltage output electrode 41a toward the semicon-
ductor substrate 10 (downward) with respect to the cur-
rent flowing in the direction parallel to the surface of the
semiconductor substrate 10 from the drive current supply
electrode 31a toward the drive current supply electrode
32a. Meanwhile, in the vertical Hall element 100b, a
Lorentz force is generated in a direction opposite to the
direction in the vertical Hall element 100a, that is, in a
direction from the semiconductor substrate 10 toward the
Hall voltage output electrode 41b (upward) with respect
to the current flowing in the direction parallel to the sur-
face of the semiconductor substrate 10 from the drive
current supply electrode 32b toward the drive current
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supply electrode 31b.

[0042] Accordingly, an electric potential difference is
generated between the Hall voltage output electrodes
41a and 41b. A magnetic field is detected based on the
electric potential difference. The electric potential differ-
ence at this time is referred to as an output voltage Vout1
in the phase 1.

[0043] Then, the direction of the drive current is
switched from the condition in the phase 1 to supply the
drive current from the input and output terminal 102 to
the input and output terminal I01. That is, the drive cur-
rentis supplied to the drive current supply electrodes 32a
and 31b such that the current flows from the drive current
supply electrode 32a to the drive current supply electrode
31a in the vertical Hall element 100a, and such that the
current flows from the drive current supply electrode 31b
to the drive current supply electrode 32b in the vertical
Hall element 100b (phase 2).

[0044] At this time, the currents respectively flowing in
the vertical Hall elements 100a and 100b, as with the
phase 1, widely flow in the depth direction as illustrated
by the dotted lines of FIG. 1B.

[0045] Then, in the vertical Hall element 100a, a
Lorentz force is generated in a direction from the semi-
conductor substrate 10 toward the Hall voltage output
electrode 41a (upward) with respect to the current flowing
in the direction parallel to the surface of the semiconduc-
tor substrate 10 from the drive current supply electrode
32atoward the drive current supply electrode 31a. Mean-
while, in the vertical Hall element 100b, a Lorentz force
is generated in a direction opposite to the direction in the
vertical Hall element 100a, that is, in a direction from the
Hall voltage output electrode 41b toward the semicon-
ductor substrate 10 (downward) with respect to the cur-
rent flowing in the direction parallel to the surface of the
semiconductor substrate 10 from the drive current supply
electrode 31b toward the drive current supply electrode
32b.

[0046] Accordingly, an electric potential difference is
generated between the Hall voltage output electrodes
41a and 41b. A magnetic field is detected based on the
electric potential difference. The electric potential differ-
ence at this time is referred to as an output voltage Vout2
in the phase 2.

[0047] A subtraction is performed between the output
voltage Vout1 and the output voltage Vout2 obtained as
described above to have a signal in which an offset volt-
age is canceled.

[0048] As described above, the first embodiment can
increase the width in the depth direction of the current
that flows in the direction parallel to the surface of the
semiconductor substrate 10. Since the magnetic sensi-
tivity of a Hall element is in proportion to the width of a
current that flows in the Hall element, according to the
first embodiment, high magnetic sensitivity can be ob-
tained. The semiconductor layer 20 is hence preferably
as thick as possible.

[0049] In the first embodiment, it is desired for the cur-
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rent to uniformly flow over the entire region illustrated by
the dotted lines in FIG. 1B. It is thus preferable that the
semiconductor layer 20 has a constant impurity concen-
tration distribution. The constant impurity concentration
distribution in the semiconductor layer 20 can be
achieved by the employment of an epitaxial layer, for
example.

[0050] In addition, the magnetic sensitivity of a Hall el-
ementis known torise also in proportion to mobility. Thus,
the impurity concentration of the N-type semiconductor
layer 20 which is a magnetism sensing portion is prefer-
ably as low as possible and is preferably from about
1x1015 atoms/cm3 to about 1x 1017 atoms/cm3, for ex-
ample.

[0051] As described above, in the first embodiment,
the width in the depth direction of the currents flowing in
a direction parallel to the surface of the semiconductor
substrate is widened to enable enhancement of magnetic
sensitivity, and the two vertical Hall elements having the
same shape are formed in parallel to allow the spinning
current method to be performed equivalently on the two
vertical Hall elements by using the two phases which
supply currents flowing in opposite directions from each
other. Itis therefore possible to provide a semiconductor
device including vertical Hall elements having high sen-
sitivity and being capable of offset cancellation.

[0052] Next, the first modification example of the ver-
tical Hall elements 100a and 100b in the semiconductor
device 1 of the first embodiment is described. FIG. 3 is
a sectional view for illustrating vertical Hall elements
1002’ and 100b’ of the first modification example taken
along the line L-L of FIG. 1A.

[0053] As illustrated in FIG. 3, in the vertical Hall ele-
ments 100a’ and 100b’ of the first modification example,
the drive current supply electrodes 31a, 32a, 31b, and
32b have a depth that is substantially equal to the depth
of the semiconductor layer 20. This configuration allows
a current to flow even near the boundary between the
semiconductor layer 20 and the semiconductor substrate
10 and can achieve a large width in the depth direction
of a current that flows in the direction parallel to the sur-
face of the semiconductor substrate 10 as compared to
the example illustrated in FIG. 1B.

[0054] Inaddition, inthe first modification example, the
electrode isolation diffusion layers 51a, 52a, 51b, and
52b have a depth that is substantially equal to the depth
of the Hall voltage output electrodes 41a and 41b. This
configuration allows a current to flow even near the Hall
voltage output electrodes 41a and 41b and can achieve
a larger width in the depth direction of a current.

[0055] Thatis, the drive current supply electrodes 31a,
32a, 31b, and 32b are preferably as deep as possible in
the range of the thickness of the semiconductor layer 20,
and the electrode isolation diffusion layers 51a, 52a, 51b,
and 52b are preferably as shallow as possible in a range
that enables electrode isolation.

[0056] As described above, according to the first mod-
ification example, the magnetic sensitivity can be more
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improved.

[0057] Next, the second modification example of the
semiconductor device 1 of the first embodiment is de-
scribed. FIG. 4 is a plan view for illustrating a semicon-
ductor device 1’ of the second modification example.
[0058] The semiconductor device 1’ according to the
second modification example further includes, in addition
tothe semiconductor device 1illustratedin FIG. 1, vertical
Hall elements 100c and 100d. The vertical Hall elements
100cand 100d have the same shape as that of the vertical
Hall elements 100a and 100b.

[0059] Thatis, the vertical Hall element 100c includes,
on the surface of the semiconductor layer 20 (refer FIG.
1B), a drive current supply electrode 31c, a Hall voltage
outputelectrode 41c, and adrive current supply electrode
32c each of which is formed of an N-type impurity region
and is formed sequentially along the straight line L3-L3,
and includes, on the surface of the semiconductor layer
20, a P-type electrode isolation diffusion layer 51c formed
between the drive current supply electrode 31c and the
Hall voltage output electrode 41c and a P-type electrode
isolation diffusion layer 52c formed between the Hall volt-
age output electrode 41c¢ and the drive current supply
electrode 32c to separate the adjacent electrodes.
[0060] Further,the vertical Hall element 100d includes,
on the surface of the semiconductor layer 20, a drive
current supply electrode 31d, a Hall voltage output elec-
trode 41d, and a drive current supply electrode 32d which
are formed of an N-type impurity region and are formed
sequentially along the straight line L4-L4, and includes,
on the surface of the semiconductor layer 20, a P-type
electrode isolation diffusion layer 51d formed between
the drive current supply electrode 31d and the Hall volt-
age outputelectrode 41d and a P-type electrode isolation
diffusion layer 52d formed between the Hall voltage out-
put electrode 41d and the drive current supply electrode
32d to separate the adjacent electrodes.

[0061] Then, the vertical Hall element 100c and the
vertical Hall element 100d are arranged such that the
straight line L3-L3 and the straight line L4-L4 are parallel
to the straight line L1-L1 and the straight line L2-L2.
[0062] The depth, the impurity concentration distribu-
tion, and the like of the drive current supply electrodes
31c¢, 32¢, 31d, and 32d, the Hall voltage output electrodes
41c and 41d, and the electrode isolation diffusion layers
51c, 52c, 51d, and 52d in the vertical Hall devices 100c
and 100d are the same as those in the vertical Hall ele-
ments 100a and 100b.

[0063] Offsetcancellation through the spinning current
method in the semiconductor device 1’ of the second
modification example configured as described above is
performed, for example, as follows.

[0064] Inthesemiconductordevice 1described above,
in the phase 1 in which the spinning current method is
performed, the drive current is supplied to the drive cur-
rent supply electrodes 31c and 32d such that the current
flows from the drive current supply electrode 31c¢ to the
drive current supply electrode 32c in the vertical Hall el-
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ement 100c, and such that the current flows from the
drive current supply electrode 32d to the drive current
supply electrode 31d in the vertical Hall element 100d.
At this time, an electric potential difference generated
between the Hall voltage output electrodes 41c and 41d
is referred to as an output voltage Vout1’, and an average
between the output voltage Vout1 described above and
the output voltage Vout1’ is calculated.

[0065] Further, in the phase 2 described above, the
drive current is supplied to the drive current supply elec-
trodes 32c and 31d such that the current flows from the
drive current supply electrode 32c to the drive current
supply electrode 31c in the vertical Hall element 100c,
and such that the current flows from the drive current
supply electrode 31d to the drive current supply electrode
32d in the vertical Hall element 100d. At this time, an
electric potential difference generated between the Hall
voltage output electrodes 41c and 41d is referred to as
an output voltage Vout2’, and an average between the
output voltage Vout2 described above and the output
voltage Vout2’ is calculated.

[0066] A subtraction is performed between the aver-
age of the output voltages Vout1 and Vout1’ and the av-
erage of the output voltages Vout2 and Vout2’ obtained
as described above to have a signal in which an offset
voltage is canceled. The output signal in each phase is
averaged, which can thus reduce an influence on the
output voltage due to manufacturing variations of the ver-
tical Hall elements 100a to 100d and can enhance accu-
racy of offset cancellation.

[0067] In this case of the acquisition of the output volt-
ages Vout1 and Vout1’ and the output voltages Vout2
and Vout2’, the same drive source can be used for adrive
source configured to supply the drive current to the ver-
tical Hall elements 100a and 100b and a drive source
configured to supply the drive current to the vertical Hall
elements 100c and 100d. However, the presentinvention
is not limited thereto, and the vertical Hall elements 100a
and 100b may be driven by the first drive source and the
vertical Hall elements 100c and 100d may be driven by
the second drive source, or all of the vertical Hall ele-
ments 100a, 100b, 100c, and 100d may be driven by
different drive sources, and the current magnitude of
each drive source is appropriately adjusted so that an
influence of variations and the like due to the semicon-
ductor manufacturing processing can be reduced.
[0068] Instead of the combinations of the vertical Hall
elements 100a and 100b and the vertical Hall elements
100c and 100d, a plurality of combinations may be
switched to appropriately allow the drive current to flow
so as to obtain a plurality of output voltages for calcula-
tion. As a result, more accurate offset cancellation can
be achieved.

[0069] Further, in the second modification example, al-
though there has been illustrated the example in which
the semiconductor device 1’ includes four vertical Hall
elements 100a to 100d, more vertical Hall elements may
be included to further enhance accuracy of offset can-
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cellation.
Second Embodiment

[0070] In the first embodiment described above, the
drive current supply electrodes 31a, 32a, 31b, and 32b
have the impurity concentration thatis substantially equal
to the impurity concentration of the Hall voltage output
electrodes 41a and 41b and have the depth that is dif-
ferent from that of the Hall voltage output electrodes 41a
and 41b. In the second embodiment of the present in-
vention, drive current supply electrodes have a configu-
ration that is different from those of the drive current sup-
ply electrodes of the first embodiment described above.
[0071] For the purpose of easy understanding of the
description, there is described an example in which the
drive current supply electrodes 31a, 32a, 31b, and 32b
of the semiconductor device of the first embodiment in-
cluding the vertical Hall elements 100a and 100b, which
is illustrated in FIG. 1A and FIG. 1B, are replaced with
the drive current supply electrodes having the configu-
ration in the second embodiment.

[0072] FIG. 5A and FIG. 5B are views for illustrating a
semiconductor device 2 including vertical Hall elements
200a and 200b according to the second embodiment of
the present invention. FIG. 5A is a plan view of the sem-
iconductordevice 2, and FIG. 5B is a sectional view taken
along the line L-L of FIG. 5A. FIG. 6 is another sectional
view taken along the line L-L of FIG. 5A to illustrate a
portion of the vertical Hall element 200a and a region A
adjacent to the portion.

[0073] Components that are the same as those of the
semiconductor device 1 that includes the vertical Hall
element 100a and 100b illustrated in FIG. 1A and FIG.
1B are denoted by the same reference symbols, and du-
plicate descriptions are omitted as appropriate.

[0074] Asillustratedin FIG.5A andFIG. 5B, inthe sem-
iconductor device 2, the vertical Hall element 200a in-
cludes, instead of the drive current supply electrodes 31a
and 32a in the vertical Hall element 100a illustrated in
FIG. 1, drive current supply electrodes 231a and 232a,
and the vertical Hall element 200b includes, instead of
the drive current supply electrodes 31b and 32b in the
vertical Hall element 100b illustrated in FIG. 1, drive cur-
rent supply electrodes 231b and 232b. Other compo-
nents of the semiconductor device 2 are the same as
those of the semiconductor device 1.

[0075] Thedrive currentsupply electrodes 231a,232a,
231b, and 232b are formed of N-type impurity layers
231a4 and 231a,, 232a, and 232a,, 231b4 and 231b,,
and 232b, and 232b,, respectively.

[0076] The N-type impurity layers 231a;, 232ay,
231b4, and 232b, are formed in the surfaces of the N-
type impurity layers 231a,, 232a,, 231b,, and 232b,, re-
spectively, and have substantially the same impurity con-
centration and depth as those of the Hall voltage output
electrodes 41a and 41b.

[0077] The N-type impurity layers 231a,, 232a,,
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231b,,and 232b, are formed to have adepth thatis deep-
er than those of the Hall voltage output electrodes 41a
and 41b and the electrode isolation diffusion layers 51a,
52a, 51b, and 52b. Further, the N-type impurity layers
231a,, 232a,, 231b,, and 232b, have an impurity con-
centration lower than that of the N-type impurity layers
231a,, 232a4, 231b,, and 232b, and have a width that
is larger than that of the N-type impurity layers 231a;,
232a,, 231bi, and 232b,.

[0078] Meanwhile, as illustrated in FIG. 6, elements
including transistors of a circuit for processing output sig-
nals from the vertical Hall elements 200a and 200b or
supplying signals to the vertical Hall elements 200a and
200b are formed in another region A on the semiconduc-
tor substrate 10 which is electrically isolated from the
vertical Hall elements 200a and 200b by the P-type ele-
ment isolation diffusion layer 70. In the region A, at least
one N-well 250 is formed in the semiconductor layer 20
to form the element described above, for example, a
PMOS transistor 240.

[0079] With this configuration, the N-type impurity lay-
ers 231a,, 232a,, 231b,, and 232b, can be formed
through processes that are common to those of the N-
well 250. The N-well 250 consequently has substantially
the same depth and impurity concentration distribution
as those of the N-type impurity layers 231a,, 232a,,
231b,, and 232b,.

[0080] Thus, according to the second embodiment,
without increasing manufacturing processing, the drive
current supply electrodes 231a, 232a, 231b, and 232b
can be formed to include the N-type impurity layers 231a;
and 231a,, 232a4 and 232a,, 231b; and 231b,, and
232b4 and 232b,, respectively.

[0081] The structure of the drive current supply elec-
trodes illustrated in the second embodiment can be ap-
plied not only to the first embodiment illustrated in FIG.
1 but also to the first modification example of the first
embodimentillustrated in FIG. 3. Thatis, the drive current
supply electrodes 231a, 232a,231b, and 232b in the sec-
ond embodiment are, in order to further widen the width
of the current in the depth direction, also preferred to be
deeper as with the drive current supply electrodes 31a,
32a, 31b, and 32b in the first modification example of the
first embodiment illustrated in FIG. 3, and are most pre-
ferred to be substantially as deep as the semiconductor
layer 20. In this case, it is preferred that the N-type im-
purity layers 231a,, 232a,, 231b,, and 232b, be formed
to be deeper without changing the depth of the N-type
impurity layers 231a4, 232a4, 231b4, and 232b;.

[0082] It is apparent that the present invention is not
limited to the above embodiments and may be modified
and changed without departing from the scope of the
invention.

[0083] For example, the first conductivity and the sec-
ond conductivity which are the P type and the N type,
respectively, in the embodiments described above, may
be switched to set the first conductivity as the N type and
the second conductivity as the P type.
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[0084] Further, in FIG. 2, in order to simplify the de-
scription, there has been described the example in which
the drive current supply electrode 31a of the vertical Hall
element 100a and the drive current supply electrode 32b
of the vertical Hall element 100b are connected by the
conductive interconnect W1, and the drive current supply
electrode 32a of the vertical Hall element 100a and the
drive current supply electrode 31b of the vertical Hall el-
ement 100b are connected by the conductive intercon-
nect W2. However, the connections between the drive
current supply electrodes are not necessarily fixed, and,
forexample, may be switched appropriately with a switch.

Claims
1. A semiconductor device (1), comprising:

a semiconductor substrate (10) having a first
conductivity; and

a first vertical Hall element (100a) and a second
vertical Hall element (100b) which are formed
on the semiconductor substrate,

each of the first vertical Hall element and the
second vertical Hall element comprising:

a semiconductor layer (20) having a second
conductivity formed on the semiconductor
substrate;

a first drive current supply electrode (31a,
31b), a Hall voltage output electrode (41a,
41b), and a second drive current supply
electrode (32a, 32b) each of which is formed
of animpurity region having the second con-
ductivity and having an impurity concentra-
tion higher than an impurity concentration
of the semiconductor layer, and is sequen-
tially arranged along a straight line (L1-L1,
L2-L2) on a surface of the semiconductor
layer; and

a first electrode isolation diffusion layer
(51a, 51b) having the first conductivity
formed between the first drive current sup-
ply electrode and the Hall voltage output
electrode, and a second electrode isolation
diffusion layer (52a, 52b) having the first
conductivity formed between the Hall volt-
age output electrode and the second drive
current supply electrode,

the straight line on the first vertical Hall element
and the straight line on the second vertical Hall
element being parallel,

the Hall voltage output electrode having a first
depth,

each of the first drive current supply electrode
and the second drive current supply electrode
having a second depth which is deeper than the
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first depth and a depth of each of the first elec-
trode isolation diffusion layer and the second
electrode isolation diffusion layer.

The semiconductor device according to claim 1,
wherein each of the first drive current supply elec-
trode and the second drive current supply electrode
has an impurity concentration that is substantially
equal to the impurity concentration of the Hall voltage
output electrode.

The semiconductor device according to claim 1,
wherein each of the first drive current supply elec-
trode (231a, 231b)and the second drive current sup-
ply electrode (232a, 232b) includes:

a first impurity layer (231a,, 232a,, 231b,,
232b,) having the second conductivity and hav-
ing the second depth; and

a second impurity layer (231a4, 232a4, 231b,,
232b,) having the second conductivity, formed
in a surface of the firstimpurity layer, and having
the first depth and an impurity concentration
higher than an impurity concentration of the first
impurity layer.

The semiconductor device according to claim 3,
wherein the second impurity layer has an impurity
concentration that is substantially equal to the impu-
rity concentration of the Hall voltage output elec-
trode.

The semiconductor device according to any one of
the preceding claims, wherein each of the first elec-
trode isolation diffusion layer (51a, 51b) and the sec-
ond electrode isolation diffusion layer (52a, 52b) has
a depth that is substantially equal to the first depth.

The semiconductor device according to any one of
the preceding claims, wherein each of the first drive
current supply electrode and the second drive cur-
rentsupply electrode has adepth thatis substantially
equal to a depth of the semiconductor layer.

The semiconductor device according to any one of
the preceding claims, wherein the semiconductor
layer includes an epitaxial layer.

The semiconductor device according to any one of
the preceding claims, wherein the surface of the
semiconductor layer and surfaces of the first elec-
trode isolation diffusion layer and the second elec-
trode isolation diffusion layer are covered with an
insulating film (60) except for regions in which the
first drive current supply electrode, the second drive
current supply electrode, and the Hall voltage output
electrode are formed.

10

15

20

25

30

35

40

45

50

55

10

9.

10.

The semiconductor device according to any one of
the preceding claims,

wherein the first drive current supply electrode (31a)
of the first vertical Hall element (100a) and the sec-
ond drive current supply electrode (32b) of the sec-
ond vertical Hall element (100b) are electrically con-
nected to each other, and

wherein the second drive current supply electrode
(32a) of the first vertical Hall element and the first
drive current supply electrode (31b) of the second
vertical Hall element are electrically connected to
each other.

The semiconductor device according to claim 3 or
any one of claims 4 to 9 when dependent on claim
3, further comprising:

an element isolation diffusion layer (70) having
the first conductivity which electrically separates
thefirst vertical Hall element and the second ver-
tical Hall element from each other, and which
electrically separates the first vertical Hall ele-
ment and the second vertical Hall element from
surroundings; and

an element formation region (A) which is elec-
trically separated from the first vertical Hall ele-
ment and the second vertical Hall element by
the element isolation diffusion layer, and which
is formed with an element (240) that forms a
circuit configured to perform one of: processing
output signals from the first vertical Hall element
and the second vertical Hall element; and sup-
plying signals to the first vertical Hall element
and the second vertical element,

wherein the element formation region includes
awell (260) having the second conductivity, and
wherein the well has substantially the same
depth as a depth of the first impurity layer
(231a,) and has substantially the same impurity
concentration distribution as an impurity con-
centration distribution of the first impurity layer.
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